Abstract. The heat generated by irradiated nuclear fuel is one of the important considerations for its safe storage, transport and possible recycling. One method to calculate the decay heat of irradiated fuel is from an inventory code such as FISPIN or ORIGEN-S. These codes were part of a code comparison that showed that if using the same nuclear data their results for a set of testcases differed by less than 1 part in 10 3 . This paper compares FISPIN decay heat calculations with a selection of fission pulse experiments (U235, U238, Pu239 and Pu241) and UOX PWR assembly calorimetric measurements. The calculations were performed using libraries based upon JEF-1 (1986), JEF-2.2 (1993) and a preliminary JEFF-3 file that includes a UK fission product yield file (UKFY3.5). The results show that both JEF-2.2 and the preliminary JEFF-3 data predict the decay heat to a similar accuracy and generally within 5%.
INTRODUCTION
When irradiated spent fuel has been removed from a reactor, it continues to generate heat from the radioactive decay of the nuclides present. The magnitude of this heat will depend on the fuel parameters and its history. For typical fuels, fission products dominate the decay heat for the first 50-80 years after discharge.
At short cooling times the decay heat is dominated by many short-lived fission products whose decay characteristics and fission yields are not well known. In contrast, after half a year relatively few fission products make significant contributions to decay heat. The main contributors being Sr90, Y90, Zr95, Nb95, Tc99, Rh106, Sb126, Sb126M, I132, Cs134, Cs137, Ba137M, La140, and Pr144. These have decay characteristics and fission yields that are better known.
One method to calculate the decay heat of irradiated fuel is from an inventory code such as FISPIN [0] or ORIGEN-S [0]. These codes were part of a code comparison that showed that if using the same nuclear data their results for a set of testcases differed by less than 1 part in 10 3 [0].
Fission product decay heating is both an important parameter for safety studies and a useful test of the fission product yields and decay data in an evaluated nuclear data library. This paper compares FISPIN (version 10) decay heat calculations with a selection of fission pulse experiments for U235, U238, Pu239 and 
FISSION PULSE DECAY HEAT MEASUREMENTS
For rapid reactor transients the prediction of decay heat is important in the range of seconds to minutes. Comparisons are thus most useful for irradiated samples of pure fissile nuclides cooled for these short periods. Tobias reviewed the status of decay heating in 1980 [0], using 45 sets of experimental measurements. Tobias later updated this work [0] using a simultaneous least squares fit to beta, gamma and total decay heat measurements for both U235 and Pu239. This analysis considered 54 sets of U235 measurements and 28 sets for Pu239. The results of the least-squares analysis were decay heat functions following a single fission event for both nuclides. In addition to these evaluated results, Dickens et al [0] has published measurements for Pu241 and Akiyama et al [0] measurements of U238. Although these results are not an evaluation they allow testing of the data for these two further nuclides. These results show that JEF-2.2 and JEFF3T3ii are improvements over JEF-1, but an under prediction of about 5% still exists for all nuclides between 10 and 1000s, of which some are significantly larger than the experimental error. At later times the preliminary JEFF3T3ii gives rise to an over-prediction (of about 5%) for both U235 and Pu239. This over-prediction peaks at around 50000 seconds and then reduces.
PWR ASSEMBLY CALORIMETRIC MEASUREMENTS
For the transport and storage of spent fuel it is important to have validation of the decay heat from complete assemblies at longer times. 24 measurements were reported of the decay heat from irradiated PWR assemblies together with comparisons against ORIGEN2 [0] . This work considers 20 of these with cooling times between 2.4 and 8.2 years for irradiations between 25 and 40 GWd/t. 4 measurements were reported as suspect by the measurer and are not considered here.
In this work FISPIN cross-section libraries were generated at enrichments of 2.6%, 3.4% and 4.0% using the Serco Assurance reactor physics code WIMS8 and its associated cross-section processing code TRAIL [17] . The WIMS model was based on the Obrigheim PWR. Minor uranium isotopes and fuel impurities were approximated with standard FISPIN methods. The structural materials (Zircaloy-4, Inconel and stainless steel) for the assemblies were taken from reference [0] . It should be noted that to correctly model the activation of the structural materials a full 3D model would be necessary. In this work, only a 2D approximation of the assembly was modelled.
The experimental decay heats and the FISPIN results are compared in Table 1 . These results show good agreement between experiment and calculations for both JEF-2.2 and the preliminary JEFF3T3ii data with most results within 5%. It should be noted that the JEFF3T3ii results reported here use the new data to calculate the fission product heating (between 70 and 90% of the total), but the heavy element and activation product results use JEF-2.2. It is interesting that results differ between the reactors. This suggests that improved reactor physics modelling may improve the results. FIGURE 1 . The decay heat from fission products following a U235 fission pulse compared to Tobias (1989) .
FIGURE 2.
The decay heat from fission products following a U235 fission pulse compared to Tobias (1989) .
FIGURE 3.
The decay heat from fission products following a Pu239 fission pulse compared to Tobias (1989) .
FIGURE 4.
The decay heat from fission products following a Pu241 fission pulse compared to Dickens (1981) .
FIGURE 5.
The decay heat from fission products following a U238 fission pulse compared to Akiyama (1985) . 
